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ABSTRACT 
 
 
 
Arsenic contamination in water has posed severe health problems around the world. In spite of the availability of 
some conventional techniques for arsenic removal from contaminated water, development of new laboratory based 
techniques along with enhancement and cost reduction of conventional techniques are essential for the benefit of 
common people. 
This paper provides a method for removal of the arsenic An ion-exchanger hybrid material Zirconium (IV) oxide-
ethanolamine ZrO-EA is synthesized which is used for the removal of selective arsenic (III) from aqueous solution 
containing 1,10,50 mg/L of arsenic solution, and its practical application to arsenic removal from water has been 
described. The main parameters affecting this treatment process were investigated, namely the concentrations of 
Zirconium (IV) oxide-ethanolamine and of arsenic (III), adsorbent dose 0.7 mg/L, contact time 50 minutes after 
which the adsorption process comes to equilibrium, temperature (25±2), solution pH values (5-7) which is suitable 
for adsorption and ionic strength variations, and typical adsorption isotherms, were calculated. The column 
experiments showed a quantitative collection of arsenic at low concentration in water samples with more than 99% 
recovery. 
 
 
Key words: Arsenic Removal, Arsenic poisoning, hybrid material, Zirconium oxide Ethanolamine, XRD, SEM, 
BET Isotherms, AAS. 
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1. Introduction 
Arsenic (As) is found in all segment of the environment. Arsenic and its respective compounds, which are 
considered as highly toxic substances are waste by-products of pesticides, dyes and certain other chemical 
industries, as well as of glassware production, contaminating the produced waste waters. Relatively high 
concentration of arsenic in the aquatic system has many implications for the health of humans, animals and 
plants. For instance, arsenic poisoning can range from white or dark spot of the skin, hardening to skin cancer. 
Other forms of cancer, such as lung or kidney, may also result. Because of these health effects, World Health 
Organization (WHO) established a guideline of 0.01mg/L as the maximum allowable arsenic content (WHO, 
2001).Arsenic in wastewater is primarily found as a consequence of mining activities or waste disposal. 
Concentrations of arsenic in tailings of mines may be up to 200 mg/L (WHO, 2001). 
Considerable efforts are being made to eliminate arsenic from wastewater. Common methods for removing 
arsenic from aqueous solution include chemical pre-cipitation, oxidation, reverse osmosis, ion exchange, 
membrane filtration, froth flotation, and solvent extraction but none of them is widely accepted because of cost 
or maintenance of the process. In turn, adsorption is evolving as a useful method for removal of arsenic. 
Selective adsorption, utilizing biomaterials, activated carbon, mineral oxides, and so on, have already attracted 
much attention. Iron compounds are among the most popular adsorbents being used for the removal of arsenic 
from aqueous solution. In addition, the increasing amount of wastes is an environmental problem, demanding 
attention to recycling, conservation of resources as well as environmental protection. Within this frame, the 
conversion of wastes into effective adsorbents for wastewater treatment could therefore improve the 
environmental performance of the treatment. Nevertheless, the adsorption density of the waste converted into 
adsorbent might not always be high and therefore there is question mark in its feasibility. Thus, the selection of 
the appropriate adsorbent can be wearisome. 
Arsenic is present in water in several forms depending upon the pH value and the redox potential. At typical pH 
values in natural water (pH 5–8), two oxidation states are commonly found: arsenite As(III) mainly exists fully 
protonated (H3AsO3) and arsenate As(V) remains as an anion, which could be found in various species in the 
dissolved form such as H2AsO4 and HAsO2 (Kartinen & Martin 1995). The pH value determines the 
predominant species present in water and is therefore expected to be a very influencing parameter during arsenic 
removal treatments. In natural watercourses, organic forms of arsenic can also be found such as 
monomethylarsonate and dimethylarsinate. Arsenic rarely occurs in a free state, it is largely found in 
combination with sulphur, oxygen and iron (Driehaus et al. 1994; Jain & Ali 2000; Sato et al 2002). A better 
understanding of these treatment processes are essential for further research and development of effective 
methods for removing arsenic in order to produce high quality drinking water [1-2]. 
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2.1 Background 
 
Water pollution is a major problem in the global context. It has been suggested that it is the leading worldwide 
cause of deaths and diseases, and that it accounts for the deaths of more than 14,000 people daily. In addition to 
the acute problems of water pollution in developing countries, industrialized countries continue to struggle with 
pollution problems as well. Ground Water Pollution may be defined as, “Alteration in physical, chemical and 
biological characteristics of water, which may cause harmful effects on human and aquatic biota”. Today water 
resources have been the most exploited natural system since man strode the earth. Pollution of water is 
increasing steadily due to rapid population growth, industrial exploitation, urbanizations, increasing living 
standards and wide spheres of human activities. Time is, perhaps not too far when pure and clean water, 
particularly in densely populated, industrialized water scarce areas may be inadequate for maintaining the 
normal living standards. Ground water contamination is generally irreversible i.e. once it is contaminated; it is 
difficult to restore the original water quality of the aquifer. 
Similarly arsenic is one of the toxic metal, responsible for ground water contamination, which became a high-
profile problem in recent years due to the use of deep tube wells for water supply in the Ganges Delta, causing 
serious arsenic poisoning to large numbers of people. A  study in 2007 shows that over 137 million people in 
more than 70 countries are probably affected by arsenic poisoning of drinking water. Arsenic contamination of 
ground water is found in many developing and develop countries throughout the world, including the USA. 
Some research concludes that even at the lower concentrations, there is still a risk of arsenic contamination 
leading to major causes of death. Arsenic contamination of ground water has led to massive epidemic of arsenic 
poisoning in Bangladesh and west Bengal. Presently 42 major incidents around the world have been reported on 
ground water contamination of arsenic. It is estimated that around 52 millions peoples are drinking ground water 
with arsenic concentrations above the world health organization level of 10 ppb. Seven of the nineteen districts 
of West Bengal have been reported to have ground water arsenic concentrations above 0.05 mg/L. The total 
population in these seven districts is over 34 million, with the number using arsenic-rich water is more than 1 
million (above 0.05 mg/L). That number increases to 1.3 million when the concentration is above 0.01 mg/L. 
According to a British Geological Survey study in 1998 on shallow tube-wells in 61 of the 64 districts in 
Bangladesh, 46% of the samples were above 0.01 mg/L and 27% were above 0.050 mg/L. When combined with 
the estimated 1999 population, it was estimated that the number of people exposed to arsenic concentrations 
above 0.05 mg/L is 28-35 million and the number of those exposed to more than 0.01 mg/L is 46-57 million 
(BGS, 2000). 
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2.2 The origin and distribution of arsenic in ground water 
 
 
2.2.1 WORLD WIDE   
 
The World Health Organization (WHO) has set a recommended limit of 0.01 ppm (reduced from 50 
mg/L in 1993) concentration of arsenic in drinking water (1, 2).  The increased knowledge of arsenic 
toxicity, particularly carcinogenesis, led to the change.  Not until 2001 did the United States follow 
WHO by also reducing the acceptable arsenic concentration to 10 mg/L.  In some areas of the world, 
arsenic is present in the groundwater at concentrations higher than the set provision (1).  Figure 2.1 
shows areas where arsenic is present in aquifers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1 Map illustrating arsenic-affected place 
 
The two common forms of arsenic are As (III), arsenite, and As (V), arsenate.  Arsenite is more mobile and 
toxic than As (V).   Arsenic can be released from sediments under anaerobic reducing conditions in the form 
of arsenite, and under oxidizing conditions where the pH is high, in the form of arsenate (HAsO4 
2-
 ) (1, 3, 4). 
 
2.2.1.1 Arsenic in Bangladesh  
The worst arsenic problem in the world is clearly in Bangladesh According to estimate (Mott 
Macdonald Ltd) 18% of all wells have levels of arsenic above 50 ppb. The affected area has been 
shown below in figure 2.2. 
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Fig 2.2 Arsenic levels in Bangladesh 
2.2.2 Arsenic in India 
Arsenic contamination of ground water has been reported from seventy-nine blocks of nine districts of West 
Bengal, Which affects more than 6 million people (IARC 2004). The affected area is shown in below at 
figure 2.3. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Fig 2.3 Arsenic in west Bengal 
 
2.3 Arsenic poisoning  
12 
 
 Arsenic compounds are mainly used in agriculture and forestry as pesticides, herbicides, and silvicides; smaller 
amounts are used in the glass and ceramics industries and as feed additives. Arsenic is a very toxic substance that 
is found in food, water and household items. Tobacco smoke, laundry detergent, bone meal, sea food, beer and 
even drinking water are a few of the items arsenic can be consumed from. Headaches, confusion, sleepiness, and 
even convulsions can be the effects of arsenic poisoning. Vomiting, diarrhea, kidney, liver and lung problems 
can occur, including death in extreme cases. 
Symptoms of arsenic poisoning begin with headaches, confusion and drowsiness. As the poisoning develops, 
convulsions and changes in fingernail pigmentation may occur. When the poisoning becomes acute, symptoms 
may include diarrhea, vomiting, blood in the urine, cramping muscles, hair loss, stomach pain, and more 
convulsions. The organs of the body that are usually affected by arsenic poisoning are the lungs, skin (fig 2.4), 
kidneys, and liver. The final result of arsenic poisoning is coma or death Most reported arsenic poisonings are 
not caused by elemental arsenic, but by one of arsenics compounds, especially arsenic trioxide, which is 
approximately 500 times more toxic than pure arsenic Symptoms include violent stomach pains in the region of 
the bowels; tenderness and pressure; retching; excessive saliva production; vomiting; sense of dryness and 
tightness in the throat; thirst; hoarseness and difficulty of speech; the matter vomited, greenish or yellowish, 
sometimes streaked with blood; diarrhea; tenesmus; sometimes excoriation of the anus; urinary organs 
occasionally affected with violent burning pains and suppression; convulsions and cramps; clammy sweats; 
lividity of the extremities; countenance collapsed; eyes red and sparkling; delirium; death. Nonspecific 
gastrointestinal effects such as diarrhoea and cramping; hematological effects including anaemia and leukemia; 
and peripheral neuropathy might occur after weeks or month of exposure to high doses of arsenic (0.04 
mg/kg/day or higher) [1-2]. Consumption of large arsenic at a time may also cause stomach pain, nausea, 
vomiting or diarrhoea, which may lead to shock, coma, and even death. It has also been reported by many 
researchers [6-8] that chronic arsenic poisoning causes hypertension, peripheral vascular diseases, cardiac 
vascular diseases, respiratory diseases, diabetes mellitus, malignancies including cancer of the lungs, bladder, 
kidney, liver, uterus and skin. 
 
 
 
 
 
          
 
Figure 2.4 
13 
 
2.4 Water treatment process for arsenic removal: 
2.4.1 Small-scale water treatment 
1. A simpler and less expensive form of arsenic removal is known as the Sono arsenic filter, using 3 pitchers 
containing cast iron turnings and sand in the first pitcher and wood activated carbon and sand in the second. 
Plastic buckets can also be used as filter containers. It is claimed that thousands of these systems are in use 
can last for years while avoiding the toxic waste disposal problem inherent to conventional arsenic removal 
plants. 
2. In the United States small "under the sink" units have been used to remove arsenic from drinking water. This 
option is called "point of use" treatment. The most common types of domestic treatment use the technologies 
of adsorption (using media such as Bayoxide E33, GFH, or titanium dioxide) or reverse osmosis. Ion 
exchange and activated alumina have been considered but not commonly used. 
2.4.2 Large-scale water treatment 
Some large utilities with multiple water supply wells could shut down those wells with high arsenic concentrations, and 
produce only from wells or surface water sources that meet the arsenic standard. Other utilities, however, especially small 
utilities with only a few wells, may have no available water supply that meets the arsenic standard (Johnston and Heijnen: Safe 
Water Technology for Arsenic Removal) . 
 Coagulation/filtration removes arsenic by co precipitation and adsorption using iron coagulants. 
Coagulation/filtration using alum is already used by some utilities to remove suspended solids and may be adjusted 
to remove arsenic. 
 Iron oxide adsorption filters the water through a granular medium containing ferric oxide. Ferric oxide has a high 
affinity for adsorbing dissolved metals such as arsenic. The iron oxide medium eventually becomes saturated, and 
must be replaced. 
 Ion Exchange has long been used as a water-softening process, although usually on a single-home basis. It can 
also be effective in removing arsenic with a net ionic charge. (Note that arsenic oxide, As2O3, is a common form of 
arsenic in groundwater that is soluble, but has no net charge.) 
 Both Reverse osmosis and electro dialysis (also called electrodialysis reversal) can remove arsenic with a net 
ionic charge. (Note that arsenic oxide, As2O3, is a common form of arsenic in groundwater that is soluble, but has 
no net charge.) Some utilities presently use one of these methods to reduce total dissolved solids and therefore 
improve taste. A problem with both methods is the production of high-salinity waste water, called brine, or 
concentrate, which then must be disposed of. 
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2.5 Arsenic Removal Techniques 
A comprehensive search of the literature revels that arsenic removal techniques fall into various method. 
The material studied under each category are tabulated in table 2.1 
Adsorbent  Efficiencies Optimum pH  References 
 
AC (Carbon-in-pulp and 
resin-in-pulp) 
 
As loading:6 mg 
As/g 
 
6 
 
Lorenzen et al. (1994) 
AC (char carbon)  As(V) loading: 34 
mg/g  
As(III) loading: 89 
mg/g 
3 
 
Pattanayak et al. (1999) 
AC (graphite rods As(V) loading: 31 
mg/g As(III) loading: 
30 mg/g 
5–7 
5–8 
 
Activated alumina  –Less effective for 
As(III) than As(V)  
–More effective if 
Cl2 is added 
5.5–6 Kartinen & Martin (1995) 
Ion exchange  As removal >95% 7.5  
Hybrid ion exchanger As loading: 0.8 –0.6 
mg/g 
No pH adjustment required DeMarco et al. (2002) 
Strong base ion exchange  As removal _99%   Korngold et al. (2001) 
Activated red mud  
 
As(III) removal: 
87.5%  
As(V) removal: 
96.5%  
5.8–7.5 
1.8–3.5 
Althundogen et al. (2002) 
Ferruginous manganese 
ore  
 
As(III) and (V) 
removal _100% 
(No desorption 
possible) 
4–8 Chakravarty et al. (2002) 
Crystalline hydrous 
zirconium oxide 
 
As(III) and (V) 
removal _100% 
6–8 % Suzuki et al. (2000) 
 
Table 2.1 Arsenic removals by adsorption 
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3. Experimental section 
3.1 Introduction: 
A number of methods including many inorganic adsorbents/ion exchangers have been reported for the 
removal of arsenic from water. The aim of present study is to know the various sorption behaviors 
and to design a process, which will be cost effective and be able to remove the arsenic to permissible 
limit or below limit. So for this purpose the sorption behavior of arsenic on an hybrid material i.e., 
Zirconium (IV) oxide-ethanolamine ZrO-EA varying parameters has been studied. 
3.2 Materials and Apparatus: 
All chemicals used for this study was of AR grade. The measuring cylinder, volumetric flask and 
conical flask and other glassware used were of Borosil and tarson. Zirconium oxychloride 
octahydrate (CDH, India) ethanolamines (E.Merck) were used for the synthesis for the hybrid 
material. Standard solution of arsenic is prepared from sodium Arsenite (NaAsO2), Suprapure HCl 
(v/v 30%) (E.Merck) was also used.  PH meter (ElicoLI 612 India) for maintaining PH, magnetic 
stirrer (Mac), peristaltic pump (Electrolab) and AAS (Perkin Elmer PE Aanalyst Atomic 
Absorption Spectrometer) for determination of the concentration of Arsenic (III) in the water,  
3.3 Synthesis of the Ion-exchange Material: 
Zirconium (IV) oxide-ethanolamine exchanger was prepared by mixing aqueous solution of various 
concentrations with aqueous solution of zirconium oxychloride solution of various concentrations (a 
detailed studied given below) in the ratio of 1:1(v/v) at PH 3. The desired PH was adjusted by adding 
dilute hydrochloric acid drop wise. The white gel so obtained was allowed to stand overnight at room 
temperature and then filtered, washed with demineralised water to remove excess reagents and till the 
filtrate attains a PH value of 5 or 6, then dried to 40 to 60 
o
 C. The material is collected and then 
converted to H+ form by treating it with 1.0 M HNO3 for 24 to 30 hr with occasional shaking which 
was washed with water and dried in room temperature for 48 hrs. Then the material is kept in an 
airtight container. The structure of the material is given below in figure 3.1 and various compositions 
have been synthesized and describe below in Table 3.1 
 
 
 
 
 
 
 
 
Figure 3.1 
Structure of the synthesis compound 
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The different composition 
which are synthesized: 
Composition numbers 
Concentration of 
Zirconium oxy chloride 
ZrOCl2.8H2O 
Concentration 
of ethanolamine  
  PH 
maintained 
Temperatu
re 
Composition 1 0.1 M 0.2M 3-4 27
o
C 
Composition 2 0.3 M 0.6M 3-4 27
o
C 
Composition 3 0.4M 0.8M 3-4 28
 o
C 
Composition 4 0.5M 0.6M 3-4 29
 o
C 
Composition 5 0.6M 1.2M 3-4 26
 o
C 
 
 
3.4 Column preparation and ion exchange procedure: 
The glass column of 25 cm long and 1.0 cm in diameter containing a stopcock and a porous disk at 
the bottom with the glass wool support was used as column. Then 1.0g of ZrO-EA exchanger were 
packed into column. It was washed successively with acetone and water respectively. The sample 
solutions of varying concentration were adjusted to   PH 3 and passed through the column at a flow 
rate of 1-2 ml/min, which is adjusted by peristaltic pump. After passing of this solution, the column 
was rinsed with water four to five times. The adsorbed arsenic on the column was eluted with 1.0M 
HCL solutions then analyzed with AAS. 
 
3.5 Batch Experiments 
Batch adsorption were carried out by adding desired amount of adsorbent to 100ml of the sample 
solution in a series of conical flask with stopper and then kept in magnetic stirrer for 15 minutes. 
Initial arsenic concentration was kept at 10mg/L in all cases where the concentrations are to be 
studied; The PH of the solution was adjusted by adding dil HCL solution. At the end of the desired 
contact time the conical flask were removed and the solutions were filtered through whatman filter 
paper no 42.Arsenic concentration was analyzed before and after adsorption study by in AAS (atomic 
adsorption spectra). 
 
 
 
 
 
 
 
Table 3.1 
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3.6 Fluxogram showing preparation of ZrO-EA and characterization 
 
              + 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Synthesized material is filtered with 
whatman filter paper number 42. 
Zirconium oxychloride 
octahydrate 
Ethanolamine 
Washing with demineralised water to 
remove excess reagent  
Dried at 40 
o
C to 60 
o
C 
PH maintained to 5-6 
 
White granule will obtain which will be in 
shinning nature 
PH maintained to 3 
By adding HCL  with ratio 
of 1:1(v/v) 
White Gel is obtained  
Stand overnight around 12 to 16hr 
Temperature maintained around 27 
o
C 
Stirred with magnetic stirrer at 
200 rpm   
Composition 1 Composition 2 
 
Composition 3 
 
Composition 4 Composition 5 
 
1M HNO3 is added around 1ml  
Stand 24 hour with occasional shaking 
 
Converted to H+ 
 
Material collected and packed in tight 
polythene bottles 
 
Materials used for column and batch experiments 
 
SEM 
 
XRD 
 
BET 
 
AAS 
 
Samples collected and send 
for different analysis 
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Chapter- IV 
RESULT AND DISCUSSION 
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4.1 Characterization of ZrO-EA 
 
4.1.1 SEM (Scanning Electron microscope) Study, (Before Adsorption) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.1 SEM & EDX Report of Composition Number 1 
Fig 4.2 SEM & EDX Report of Composition Number 5 
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4.1.2 SEM (Scanning Electron microscope) Study, (After Adsorption) 
 
 
 
 
 
 
 
JEOL JSM – 6480LV scanning electron microscope, obtained scanning electron micrographs of the sample. The 
sample was coated with platinum for 30 seconds at a current of 50 mA before the SEM micrograph was obtained. 
The Scanning Electron microscope image before Adsorption and after adsorption is given above in figure 4.1, 4.2, 
and 4.3.  
 
 
 
 
Fig 4.3 SEM & EDX Report of Composition Number 5 after adsorption of Arsenic (III) 
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4.1.3 BET REPORT 
 
Table 4.1 AREA-VOLUME-PORE SIZE SUMMARIES 
SURFACE AREA DATA PORE VOLUME DATA PORE SIZE DATA 
DR Method Micro Pore 
Area  
DR Method Micro Pore 
Volume  
DR Method Micro Pore Width  
1.663E+02 m²/g 5.909E-02 cc/g 9.737E+01 Å 
 
 
 
 
 
 
Fig 4.4 BET Report for Composition Number 1. 
 
23 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.2 AREA-VOLUME-PORE SIZE SUMMARIES 
SURFACE AREA DATA PORE VOLUME DATA PORE SIZE DATA 
DR Method Micro Pore 
Area  
DR Method Micro Pore 
Volume  
DR Method Micro Pore Width  
3.219E+02  m²/g 1.144E-01  cc/g 1.163E+02 Å 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.5 BET Report for Composition Number 2. 
 
Fig 4.6 BET Report for Composition Number 3. 
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Table 4.3 AREA-VOLUME-PORE SIZE SUMMARIES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.4 AREA-VOLUME-PORE SIZE SUMMARIES 
 
SURFACE AREA DATA PORE VOLUME DATA PORE SIZE DATA 
DR Method Micro Pore 
Area  
DR Method Micro Pore Volume  DR Method Micro Pore Width  
1.511E+00  m²/g 5.369E-04  cc/g 2.290E+02 Å 
 
 
 
 
 
 
 
SURFACE AREA DATA PORE VOLUME DATA PORE SIZE DATA 
DR Method Micro Pore Area  DR Method Micro Pore Volume  DR Method Micro Pore Width  
1.563E+00  m²/g 
 
5.554E-04  cc/g 2.021E+02 Å 
Fig 4.7 BET Report for Composition Number 4. 
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Area 40.33 (m
2
/g) 
 
 
Table 4.5 AREA-VOLUME-PORE SIZE SUMMARIES 
SURFACE AREA DATA PORE VOLUME DATA PORE SIZE DATA 
DR Method Micro Pore 
Area  
DR Method Micro Pore Volume  DR Method Micro Pore Width  
3.757E+01 m²/g 6.581E-03  cc/g 1.205E+02 Å 
 
BET surface area of the sample was measured using QUANTACHROME Autosorb I. The sample was degassed at 
70
◦
C in vacuum. Helium was used as carrier gas and the surface area was measured by nitrogen adsorption-
Desorption method at liquid nitrogen temperature. 
 
 
 
 
 
 
 
 
 
Fig 4.8 BET Report for Composition Number 5. 
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4.1.4 XRD Report 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Powder XRD of the material was obtained by using PHILLIPS X‟PERT X-Ray diffractometer with Cu Kα radiation 
(35 kV and 30 mA) at a scan rate of 1
◦
/min and was analyzed using standard software provided with the instrument 
The above image (Figure 4.9) shows that the material synthesized is in the form of amorphous and few parts in 
nanocrystalline form. 
 Fig 4.9 XRD Report for Composition Number 1 & 5. 
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Chapter-V 
Batch Studies 
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5.1 Sorption Study  
 
5.1.1 Effect of Adsorbent Dose 
The effect of adsorbent dose on the removal of arsenic (III) was studied at ambient temperature (25±2 
o
C) and 
contact time of 6 hrs for initial arsenic (III) concentration of 10mg/L. The results are presented in fig.5.1. It is 
evident from the figure that the removal of arsenic (III) increased from 99.89-99.90 % for 0.1 – 1.0 gm of hybrid 
material in 100 ml of arsenic content solution of initial arsenic (III) concentration of 10mg/L. However it is observed 
that after dosage of 0.8 gm, there was no significant change in percentage of removal of arsenic (III). It may be due 
to the overlapping of active sites at higher dosage. So, there wasn‟t any appreciable increase in the effective surface 
area resulting due to the conglomeration of exchanger particles (Tahir, 2005). 
So, 0.7 g/100mL was considered as optimum dose and was used for further study.  
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Fig 5.1 Effect of Adsorbent Dose 
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5.1.2 Effect Of pH 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Percentage removal of arsenic (III) was studied at ambient temperature (25±2 
o
C) and contact time of 6 hrs for initial 
arsenic (III) concentration of 10mg/L at different pH. The results are presented in Fig.5.2. The pH of the solution 
after adsorption was measured and was found to decrease slightly. It is evident from the figure that almost 99.93 % 
removal was achieved at pH in between 5 to 7. There is a gradual increase in percentage removal with increase in pH. 
At pH 2-5, the removal of arsenic (III) was very high. This is because at lower pH the removal is due to ion 
exchange. At pH more then 7 the removal process is very low. This is due to high OH 
–
 ion concentration, which 
reverses the process of removal, and hence the process of conversion of adsorbent into its OH 
–
 form plays an 
important role leaving behind arsenic (III) in the aqueous solution. At higher pH, (i.e. greater than 10) almost no 
removal occurs. This is due to effect of precipitation of Arsenic (III).  
 
 
 
 
pH 
Fig 5.2 Effect of pH 
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5.1.3 Effect of Contact Time 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Adsorption of arsenic (III) at different contact time was studied for initial concentration of 10mg/L, keeping all other 
parameters constant. The result is represented in fig 5.3 as well as table 5.1. It is clear from the figure that more then 
99.89 % removal took place within 10 minutes and equilibrium was established after 50 minutes. The change in the 
rate of removal might be due to the fact that initially all adsorbent sites were vacant and the solute concentration 
gradient was high. Later, the arsenic (III) uptake rate by adsorbent was decreased significantly, due to the decrease 
Time in min Removal efficiency 
10 99.89% 
20 99.90% 
30 99.91% 
40 99.92% 
50 99.93% 
60 99.93% 
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Fig 5.3 Effect of Contact Time 
 
 
Table 5.1Removal efficiency with respect to contact of time 
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in number of adsorption sites as well as arsenic (III) concentration. Decreased removal rate, particularly, towards the 
end of experiments, indicates the possible monolayer formation of arsenic (III) ion on the outer surface. 
 
5.1.4 Adsorption Kinetics 
Adsorption of arsenic (III) ion was rapid for the first 10 minutes and its rate slowed down as the equilibrium approached. The 
rate constant Kad for sorption of arsenic (III) was studied by Lagergren rate equation (Das et.al. , 2005; Sujana et al. , 1998) for 
initial concentration of 10 mg/L. 
 
 
 
 
 
 
 
 
 
 
 
Log (qe-q) = Log qe 
__ 
K ad [t / 2.303]      (i) 
Where qe and q (both in mg/g) are the amounts of arsenic (III) adsorbed at equilibrium and at time„t‟, respectively, 
the plots of Log (qe – q) versus„t‟ at different time interval was almost linear, indicates the validity of Lagergren rate 
equation of first order kinetics the adsorption rate constant (K ad), which is calculated from the slope and shown in 
the table below. 
  
Initial concentration Slope Intercept Kad r R² 
10 mg/lit -0.01036142 -1423.820578 0.02386235 -0.98618 0.972546 
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Fig 5.4 Adsorption Kinetics 
 
 
Table 5.2 Adsorption Kinetics data 
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5.1.5 Effect of Temperature 
 
 
 
 
 
 
 
 
 
 
 
 
The effect of temperature on the adsorption of arsenic (III) with initial concentration 10mg/L was studied using 
optimum adsorbent dose (0.8 g/100 mg/L). The results are represented as percentage removal of arsenic (III) versus 
temperature (fig.5.5). The percentage removal of arsenic (III) with initial concentration 10mg/L, increased from 
99.90 % to 99.92 %, for 10 to 30 
o
C temperature. The continuous increase in percentage and then decrease shows 
that the adsorption process was exothermic in nature.  
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Fig 5.6 Vant Hoff Plot 
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Calculating thermodynamic parameters further supported this. The change in free energy ( G), and enthalpy ( H) 
and entropy ( S) of adsorption were calculated using the following equations, (Messina and Schulz, 2006; and 
Mittal, 2006; Namasivayam and Sangeeta, 2006). 
RTHRSKc 303.2303.2log         (ii) 
G = H 
__
 T( S)           (iii) 
Where S and H are the changes in entropy and enthalpy of adsorption, respectively, a plot of logs Kc versus 1/T 
for initial arsenic (III) concentration of 10mg/L was linear. Values of H and S were evaluated from slope and 
intercept of Van‟t Hoff Plot. The positive value of entropy ( S) indicates the increase in randomness of the ongoing 
process and hence good affinity of arsenic with the hybrid material.  Negative value of G at each temperature 
indicates the feasibility and spontaneity of ongoing adsorption. A decrease in values of G with increase in 
temperature suggest more adsorption of arsenic (III) at higher temperature, the endothermic nature of the process 
was once again confirmed by the negative value of enthalpy ( H). Positive value of enthalpy ( H) suggest that 
entropy is responsible for making G value negative. So, the adsorption process is spontaneous, since the entropy 
contribution is much larger than that of enthalpy. 
 
 
 
5.1.6 Effect of initial Arsenic Concentration 
 
The adsorption of arsenic (III) onto hybrid material impregnated was studied by varying initial fluoride 
concentration using optimum adsorbent dose (0.8 gm/100 mL) at ambient temperature (25±2 
o
C) and contact time of 
6 hrs. The results are represented in graphical form as percentage removal versus initial arsenic (III) concentration. 
The initial arsenic concentration was increased from 10mg/L to 100 mg/L and the corresponding removal gradually 
increases from 99.52 % to 99.92 %. However it is cleared from the figure that, there wasn‟t any appreciable decrease 
in percentage removal with increase in concentration of arsenic sample. This may because of the fact that at higher 
adsorbate concentration, the free sites available to occur saturation, resulting in adsorption towards higher extent. 
 
SLOPE INTERCEPT R 
2
 H C S G 
-0.003564549 3.155951385 0.236648124 0.003993467 3.154513 7.264844 
-17.8175107 
 
Table 5.3 Effect of Temperature Data 
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5.1.7 Adsorption Isotherm 
The adsorption data were fitted to linearly transformed Langumir isotherm. The linearised Langumir equation, which 
is valid for monolayer sorption onto a surface with finite number of identical sites, is given by (Messina and Schulz, 
2006) the following equation. 
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Fig 5.8 Langumir adsorption isotherm 
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Where qo is the maximum amount of the concentration per weight of the hybrid material to form a complete 
monolayer on the surface, (adsorption capacity), Ce denotes equilibrium adsorbate concentration in solution, and qe 
is the amount adsorbed per unit mass of adsorbent, and b is the binding energy constant. The linear plot of 1/ Ce 
versus 1/ qe indicates the applicability of langumir adsorption isotherm. The values of langumir parameters, 1/qo and 
b were 0.250019952 mg/g and 0.035717136 L/mg, respectively. 
In order to predict the adsorption efficiency of the adsorption process, the dimensionless equilibrium parameter was 
determined by using the following equation (Islam and Patel, 2007). 
 
        (v) 
 
Where Co is the initial concentration, Values of r<1 represent favorable adsorption the r- value for initial 
concentration of 10 mg/L was found to be 0.965515. These values indicated a favorable system  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
36 
 
 
 
 
 
 
 
 
Chapter -VI 
Conclusion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
37 
 
 
6.1 Conclusion 
From the above study the following conclusion were drawn. The material is amorphous in nature and may contains 
some phases in Nano crystalline state as evident from XRD data..The BET surface areas of hybrid material 
was107.54 m
2
/g, at 70
o 
the hybrid material (ZrO-EA) is a novel material and have a high efficiency towards removal 
of Arsenic (III) from water. Under the optimum condition of adsorbent dose: 0.7 gm, pH: 5-7, temperature: 25±2 oC, 
initial concentration: 1 ppm, 10 ppm, 50 ppm, 100 ppm the removal is more then 99%. From SEM-EDAX report it 
is confirmed that it is porous in nature. The r- value for initial concentration of 10 mg/L was found to be 0.965515 
that indicates a favorable process. From the thermodynamic parameters, it is evident that the process is endothermic 
in nature. From the above data it indicates that the material is suitable for removal of arsenate from water, which 
requires further study. 
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6.2 Future Work 
 
• The detail characterization of the material synthesized before & after the experiment. 
• Studies of various isotherm models. 
• Effect of competitive anion present in the removal efficiency of arsenic 
• Practical applicability of the material 
• Calculation for the cost of the implementation of this technique. 
• The removal of all the oxidation state of arsenic 
• The formulation of a working model, which can be implemented in field studies incorporating all the data. 
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